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Abstract 



Granted the post-Lorentzian relativistic kinematic transformations are described in the 
Finslerian framework, the uniformity between the actual hght velocity anisotropy change 
and the anisotropic deformation of measuring rods can be the reason proper for the null 
results of the Michelson-Morley-type experiments at the first-order level. 
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1. Introduction 

One of the important goals of modern physics is to accurately investigate and measure 
possible post-Lorentzian relativistic parameters [1,2]. In this respect, however, the out- 
comes of the Michelson-Morley-type experiments (including various optical interferometer 
experiments [3-9] as well as the modern laser high-precision experiments with improved 
results [10-13]) seems to be pessimistic rather than optimistic: experiments steadily repro- 
duce "no fringe shift" and, therefore, the "null result" for deviations from the traditional 
theory of Special Relativity (SR). 

If it is just the Finslerian extension of SR that turns out to be the case, then it will 
perhaps be possible to infer rigorously, and geometrically, that the light velocity value 
should be anisotropic in moving reference frames. Would it be testable? 

The important point is that the experiments don't measure directly the differences 
between the velocities of light signals sending in different directions. Primarily, the exper- 
iments measure the fringe shifts corresponding to differences between the times of signal 
flights. The values of the times are, however, results of comparing between the light 
velocity values, on the one hand, and the lengths of interferometer legs (optic paths), on 
the other hand. There is an open possibility that these two major factors can compensate 
one another (here the analogy with the Lorentz-Fitzerald contraction is pertinent; [14,15]) 
and lead, therefore, to the conclusion that no apparent fringe shifts should come about. 

Mixing the two aspects of anisotropy would, generally, lead to erroneous identifi- 
cations. Alas, having assumed that, though the isotropical symmetry is implied for a 
preferred rest frame Sq, the observation space in a moving reference frame S{v) may 
devoid of spatial isotropy and that, therefore, the anisotropy of light velocity value in 
S{v) may well be expected, the assumption that the length of a measuring rod (as well 
as of a interferometer leg or a optic path) should not be effected by rotation performed 
in S{v) becomes neither obvious nor cogent. 

On explaining relevant arguments and evaluation methods in Section 2, we are able 
in Section 3 to assign the theoretical reahsm to 

THE RELATIVISTIC FIRST-ORDER CENSORSHIP THEOREM. The Fins- 
lerian extension of Lorentz transformations retains conspiracy of the first-order effects in 
the Michelson-Morley-type experiments. 

We use the particular special-relativistic Finslerian metric function FsR{g; T, X, Y, Z), 
where g is a parameter, subject to the following attractive conditions: 

(PI) The indicatrix- surface I defined by the equation FsR{g;T, X,Y, Z) — 1 is a regular 
space of a constant negative curvature, Rj, 

which is a convenient stipulation to seek for the nearest Riemannian-to-Finslerian rela- 
tivistic generalization; 

(P2) The Finslerian metric function is compatible with the principle of spatial isotropy; 

(P3) The associated Finslerian metric tensor is of the time-space signature (-1 ); 

and 

(P4) The principle of correspondence holds true, 

that is, the associated Finslerian metric tensor [16,17] reduces exactly to its ordinary 
known special- or general- relativistic prototype when Rj — > —1, which physical signifi- 
cance is quite transparent. 
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All the items (P1)-(P4) are obeyed whenever one makes the choice 

F^^{g-T,X\X\X^) = TV{g-\X\/T) (0.1) 

with 

^ (1 + g.wy-"\l + g+w)-^-'^\ (0.2) 

l + g+wj 

where 

Q^l-gw-w'^ = {l+ g-w){l + g+w) (0.3) 

and 

g^ = --g±h, h=i^l + -g^j . (0.4) 

Vice versa, we can claim the following 

THE UNIQUENESS THEOREM. The properties (P1)-(P4), when treated as con- 
ditions imposed on the Finslerian metric function, specify it unambiguously in the form 
given by Eqs. (1.1)-(1.4), 

which is valid due to Theorem 5 of the work [18] (see also [19-21]) in which the Finsler 
spaces compatible with the properties (PI) and (P2) have been studied. The indicatrix 
curvature is 

RT^-U + \g^\ <-l. (0.5) 



2. RELATIVISTIC KINEMATIC PATTERNS 

2.1. The Lorentz transformations have been serving over a century to pre- 
dict and describe new relativistic effects. Despite the general feeling of a high degree 
of accuracy between predictions and measurements, various modifications, including the 
well-known cases 

(I) The Robertson Transfomations [22]; 

(II) The Edward Transformations [23, 24]; 

(III) The Mansouri-Sexl Transformations [25]; 

(IV) The Tangherhni Transformations [26] ; 
and 

(V) The Selleri Transformations [27] 

(listed here in the chronological order) have been used to overcome traditional Lorentzian 
patterns. The transformations (I)-(III) have clearly been compared with each other 
in [28]; a systematic review of various kinematics relations stemed from the choice (IV) 
can be found in [29]. In fact, the transformations (I)-(V) have been introduced primarilly 
to reanalyze the role of synchronization procedure (see [30-33]), and examine possible 
observable difference which would result if the hght speed were anisotropic. The case 
(V) was examined systematically in [27] under attractive conditions: namely, assuming 
that the two-way light velocity is invariant under transformations among inertial reference 
frames and that the clock relativistic retardation takes place with the ordinary square-root 
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factor, ^Jl — (3"^, the transformations (V) ensue. No Finslerian metric function matching 
a member of the set of non-Lorentzian transformations (I)-(V) has been proposed. 

However, the geometrically-motivated status of SR can be retained under post- 
Lorentzian extension if the Finsler geometry is invoked as a necessary basis to proceed, 
which leads to choose the case F — Fsr as given by (1.1)-(1.4). 

2.2. The Finslerian kinematic transformations 

T^-^t + —^vx, X^—^vt+-^{l-gv)x, (2.1) 
V[g;v) V[g-v) V{g;v) V{g-v) 



Y=^^y, Z=^^., (2.2) 

can well be used to accomplish the special-relativistic transition from a preferred isotrop- 
ical rest frame 5*0 to a reference frame S{v) moving inertially at a relative velocity 
V > Q with respect to Sq along the common direction of the x- and X-axes. The Cap- 
ital letters, {T, X, F, Z} e 5*0, represent measuremenets in Sq, while the small letters, 
{t,x,y,z} G S{v), represent measurements in S{v). 

The transformations (2.1)-(2.2) can unambiguously be explicated from the Finslerian 
metric function Fsr given by (1. !)-(!. 4): to this end one should merely calculate the 
tetrads of the associated Finslerian metric tensor to use them for connecting the proper 
reference systems of the RFs Sq and S{v) (cf. the general relativistic role of tetrads, 
[34-35]). 

Inversion yields 

t^a{g-v)T + e{v)x, x ^ b{g;v){X - vT), y^d{g;v)Y, z^d{g;v)Z (2.3) 

with 

a = V{g;v), b{g;v) = ^^ d{g;v) = ^y^^, (2.4) 

and 

e{v) = -V. (2.5) 
The kinematic meaning of the caracteristic Finslerian parameter g is the following: 

g^{db/dv)l^,; (2.6) 

the normalizalion conditions a(0) = 6(0) = V{0) — 1 have been implied; we have also put 
{da/dv)\^^Q = to agree perfectly with the low- velocity experimental evidence. 
Whenever v <S 1, we obtain 

a{g; v) = 1 - ^v' - ^gv' - 1(1 + 2g'y + 0(5), (2.7) 



big; v)^l + gv + -{l + 2g^y + 0(3), 



d{g;v) = l + ^gv + ^g'v' + 0{3), 



(2.8) 
(2.9) 
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where the symbol 0{N) in (2.7)-(2.9) denoted the terms proportional to with K > N. 
The neglect of the third-order term in the low-velocity expansion of the time dilata- 
tion factor a would entail the traditional pseudo-Euclidean case: {g = 0, a{y) — 
x/r^, h{v) = l/a{v)}. 



3. METROSURFACE AND LIGHTSURFACE 

In each RF S{v) an observer is assumed to be equipped with a Metrosurface, M.^-, 
to assign the length values to roads (or legs, or optic paths,...) pointed in various direc- 
tions. The Finslerian approach proposes a geometrically-motivated method to introduce 
the device according to the definition 

y^::^FsR {g\ vx, (1 - gv)x, V Q{g\ ^^) V Q{9\ ^^) ^) =1- (3.1) 

Indeed, it is natural to consider M.^ to be a geometric place of the ends of segments 
directed from the origin, O, of S{y) subject to the conditions that the transforms of the 
segments from S{v) into 5*0 have the unit Finslerian length: FsR{g:, T, X, Y, Z) — 1. When 
we use here the substitutions (2.1)-(2.2) and put t = 0, we just receive (3.1). 

On using (3.1), simple calculations show that in the approximation keeping only first 
powers of the parameter g, the polar-angle representation for Jv[^ reads 

r{g-v;e) = l + ]^gv{l-cose)\ (3.2) 

where 9 is the angle made in S{v) between the and the direction of the measuring 

segment (rod, leg, optical way,...). In the pseudo-Euclidean limit, that is when = 0, the 
Metrosurface is simply the unit sphere, r = 1, in any S{v). 

Let us now pose the question of what is the form of a similar representation for 
the Lightsurface, L^, in S{v)? The due understanding of the question can be gained on 
borrowing the ordinary special- and gcncrcl-rclativistic treatment of the Lightsurface to 
be the isotropic surface of the fundamental metric function, that is, in our present study, 
the surface defined by Fsr = 0. Then from (1.2) it follows that the light velocity in 5*0 is 
the constant 

c^g+ (3.3) 

(because of V{g; g+) = 0). Transforming the resultant equation X"^ + + Z"^ — {g+^T'^ 
with the help of (2.1)-(2.2)) yields the light velocity value c{g;v;6) in S{v): 

= 1 + 1^1 -cose (3.4) 
9+ 2 

Comparing between (3.2) and (3.4) reveals the uniformity of anisotropy of the two 
types mentioned, such that 

— = const (3.5) 
c{g;v;e) 

in any admissible reference frame S{v), which thereby proves the Censorship Theorem 
formulated above in Section 1. 



4. CONCLUSIONS 
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The Finslerian approach cxphcitly provides rigorous definitions of the means 
whereby the special-relativistic quantities can be measusred and, therefore, invites the 
re-consideration of the SR to substitute the Lorentz transformations with the Finslerian 
kinematic transformations. 

In the foregoing, we have defined due devices, namely the Metrosurface and the 
Lightsurface, built on the post-Lorentzian Finslerian transformation properties of stan- 
dars rods and light rays, to set forth the operational basis for the standard relativistic 
measurements. The light velocity anisotropy and the spatial length anisotropy may occur 
to be different concepts in the RF S, so that, when analyzing some relativistic obser- 
vations, one should bring to evidence what kind of the anisotropy is considered in the 
corresponding experimental set-up. 

Nature may reveal conspiracy of anisotropy of space-time! The breakdown of spa- 
tial isotropy in a moving RF should, in principle, contribute to both the light-velocity 
anisotropy and to the length standard anisotropy. In the context of the analysis and cal- 
culations described above, these two effects just compensate one another in the first-order 
treatment, thereby making one obtains in any inertial reference frame the null result 
expected for spatial isotropy. To settle the matter outright, it is required to conduct 
experiments measuring the second-order relativistic effects. 
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